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Chapter 5

Stability of Peptide and Protein
Pharmaceuticals

Chapters 2, 3, and 4 concerned the stability of pharmaceuticals containing pharmacologically
active ingredients of relatively low molecular weight. This chapter addresses the stability of
peptide and protein drugs. Peptides and proteins can undergo some of the same degradation
processes seen in small molecules. However, the stability of protein and peptide pharmaceu-
ticals can be affected by additional reactions that alter their tertiary or higher structures.

Like drugs of low molecular weight, peptides and proteins undergo chemical degrada-
tion pathways such as hydrolysis and racemization. Depending on their molecular weight,
they are also susceptible to physical degradation by denaturation, aggregation, and precipi-
tation. Because of the complicated degradation mechanisms, it is generally more difficult to
predict the stability of peptide and protein pharmaceuticals.

Chemical and physical properties of peptides and proteins have been studied extensively.
The thermodynamics of protein structure have also been studied in detail and reported in
many excellent reviews and books.” 7 The present chapter focuses on the stability of
peptide and protein pharmaceuticals upon storage.

5.1. Degradation of Peptide and Protein Pharmaceuticals

Degradation observed with peptide/protein pharmaceuticals is classified into chemical
and physical mechanisms. The former involve changes in covalent bonds, and the latter
involve changes in noncovalent interactions such as hydrophobic bonding/associations. For
a specific peptide/protein, degradation usually includes both chemical and physical pathways
as well as interactive pathways that might result when a molecule undergoes intermolecular
disulfide exchange accompanied by precipitation. This section outlines each of the major
chemical and physical degradation pathways.

5.1.1. Chemical Degradation

The major known chemical degradation pathways for peptides and proteins are deami-
dation, racemization, isomerization, hydrolysis, disulfide formation/exchange, [B-elimina-
tion, and oxidation.
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188 Chapter 5 e« Stability of Peptide and Protein Pharmaceuticals

5.1.1.1. Deamidation

Asparagine residues in peptides and proteins undergo deamidation via cyclic imide
formation followed by subsequent hydrolysis to form the corresponding aspartic and
iso-aspartic acid peptides. This mechanism occurs primarily under neutral-to-basic pH
conditions. Deamidation of an asparagine residue to the corresponding aspartic acid residue
may also occur via a mechanism that does not involve cyclic imide formation, as shown in
Scheme 80. Glutamine residues also undergo deamidation, but at much slower rates.

Adrenocorticotropic hormone (ACTH), which has 38 amino acid residues, exhibited
pseudo-first-order deamidation in the neutral-to-alkaline pH region. The deamidation rate
increased with increasing pH and buffer concentration. Deamidation via the cyclic imide of an
asparagine residue was suggested since both the aspartic acid and iso-aspartic acid peptides were
detected as deamidation products. As shown in Table 13, the rate of disappearance of ACTH
showed good mass balance with the rates of appearance of deamidated ACTH and ammonia,
indicating that the rate-determining step for the deamidation is not degradation ofthe cyclic imide
but its formation.”™ A model hexapeptide with an asparagine residue (Asn-hexapeptide) exhib-
ited a similar deamidation reaction. The deamidation rate was higher for asparagine residues
having a smaller amino acid atthe C-terminal side ofthe residue, as shown in Table 14, indicating
that steric factors may influence cyclic imide formation.”"”!

Deamidation of ACTH under acidic pH conditions is considered to be direct deamidation
to the aspartic acid peptide since the iso-aspartic acid peptide was not observed as a
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Scheme 80. Scheme showing the deamidation, isomerization, and racemization of peptides having asparagine or
aspartic acid residues.
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Table13. The Effect of Glycine Buffer Concentration on the Deamidation of ACTH at pH 9.6
and 37°C¢

Apparent rate constant (h!' ) at pH 9.6,37°C and glycine buffer
concentration of:

10mM 50mM 100mM
Disappearance of ACTH 6.6 x 102 1.4 x 10" 2.3 x 10!
Appearance of deamidated ACTH 47 x 10? 1.4 x 10! 2.6 x 10!
Appearance of ammonia 6.5 x 102 1.6 x 10! 29 x 10"

« Reference 789.

degradation product.” Similar direct deamidation of the model Asn-hexapeptide resulted
in 100% formation of the aspartic acid peptide.””!

Insulin has two asparagine residues that undergo deamidation. At acidic pH values, Asn
A-21 undergoes deamidation, whereas at neutral pH and in suspensions, deamidation at
residue Asn B-3 predominates.”” Deamidation of insulin at pH 2 and 3 was also enhanced
by self-association.”

5.1.1.2. Isomerization and Racemization

Peptides and proteins having an aspartic acid residue undergo hydrolysis, isomerization,
and racemization via cyclic imide formation. As shown in Scheme 80, L-aspartic acid peptide
can isomerize to L-iso-aspartic acid peptide via its L-cyclic imide. The L-cyclic imide
intermediate is capable of undergoing racemization to the D-cyclic imide and thus forms the
D-aspartic acid peptide and the D-iso-aspartic acid peptide on hydrolysis.

Following storage of a secretin solution, aspartoyl® secretin (cyclic imide) and B-aspar-
tyl®* secretin (isomer) were detected in the solution by reversed-phase HPLC, indicating that
isomerization occurred via the cyclic imide.”™™ An Asp-hexapeptide also exhibited
isomerization via cyclic imide formation at pH values above 4.7 The rate of formation of
the cyclic imide was affected by the size of the amino acid on the C-terminal side of the
aspartic acid residue.”” A cyclic imide was also detected as a major degradation product of
basic fibroblast growth factor at pH 5.7%

Table14. The Effect of the Amino Acid
Residue on the C-terminal Side of Asn on the
Deamidation of Asn-Hexapeptides®

Asn-hexapeptide ts (days)
Val-Tyr-Pro- Asn-Gly- Ala 1.89 (pH 7.5)
Val-Tyr-Pro- Asn-Ser- Ala 5.55 (pH 7.5)
Val-Tyr-Pro- Asn- Ala- Ala 20.2 (pH 7.4)
Val-Tyr-Pro-Asn-Val- Ala 106 (pH 7.5)
Val-Tyr-Pro- Asn-Pro-Ala 70 (pH 7.4)
Val-Tyr-Pro- Asn-Pro- Ala 106 (pH 7.4)

« Reference 791.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




